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COMPUTING INTERNAL COCKPIT REFLECTIONS OF EXTERNAL
POINT LIGHT SOURCES FOR THE MODEL YAH-64 ADVANCED

ATTACK HELICOPTER (LOW GLARE CANOPY DESIGN)

INTRODUCTION

The US Army Human Engineering Laboratory (HEL) has developed a compL'er program for
computing internal cockpit reflections on the transparent canopy surfaces of external point light
sources. This work is part of a three-stage effort to determine optimum canopy designs for the
Model 209 AH-1S Cobra Helicopter and the Model YAH-64 Advanced Attack Helicopter (AAH).
This work was undertaken at the request of the Project Manager's Office, USA Aircraft
Survivability Equipment. The low glare canopy design presently used on both models consists of
flat, transparent panels on the front surfaces and simple cylindrical panels on the sides and top.
The design is a reasonable choice for reducing both solar glint to outside observers during
daytime operations and internal reflections of outside light sources during nighttime operations.

A flat plate canopy (FPC) design was originally developed for the Cobra and AAH to reduce
daytime solar glint to a momentary flash at certain observer-aircraft-sun angles. A moving
aircraft no longer produced the continual solar glint which was present on the earlier
compound-shaped canopy designs. The continual presence of solar glint had increased the range
of visual detection by ground observers.

However, in certain lighting situations during nighttime operations, the internal surfaces of
the FPC performed as mirrors reflecting virtual images of external Fght sources that were visible
to the pilot. HEL has shown by computer analysis that these refi. .tions are possible on most of
the transparent surfaces and for a wide range of source locations (5). These virtual images of
ground-level lights were disorienting to the pilot and he could not easily discriminate between the
light sources on the ground and their reflections from the canopy surfaces. This problem was a
potential safety hazard during flight.

The present low glare canopy design was developed to reduce these two conflicting
problems to manageable levels. The design incorporates front planar transparent surfaces and
simple cylindrical surfaces for the sides and top. HEL recommended a similar design with,
however, novel features (6). The present work effort is directed toward a closer study of the two
problems of glint and reflections, and developing an optimum design for the canopy's transparent
surfaces.

METHOD

A ray-tracing program was written to trace in three dimensions the straight-line rays from
the nominal position of the pilot's eye backwards to visible points on the internal surfaces of the
cockpit. Each ray is traced between transparent surface points until a nontransparent surface is
reached. These surfaces are assumed to be diffusive without specular reflectances and the ray is
considered absorbed. At each reflection point on a transparent surface, the reflectar :e and
transmittance are computed along with the directional cosines of the corresponding transmnitted
and reflected rays. In this way, a reflected ray reaching the pilot's eye is traced backwards to all
possible external sources that can generate that ray.
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The transparent surfaces of the low glare canopy design are specified as a set of planar and
cylindrical surfaces and their corresponding edge vertices. Each planar surface is specified by the
coordinates of its edge vertices and the consecutive order in which adjacent vertices are listed. A
cylindrical surface is specified by cylindrical parameters and the consecutive seauence of the edge
vertices and their coordinates. The cylindrical parameters are (1) origin point on the cylindrical
axis, (2) directional cosines of the axis, and (3) the radius of the cylinder. The edges of the
cylindrical surface are assumed for simplicity to be curvilinear lines which become straightened
when the cylinder is transformed into a flat plane.

Given dirt.tional cosines and an origin point of a straight-line ray, the program computes in
turn, the intersection point of the ray with each surface. The program tests the intersection point
against the surface edges. The reflection point for the ray is that intersection point which is
contained within the edges of the corresponding surface segment. The angle of incidence between
the surface normal and the ray at this point is computed along with the corresponding values of
reflectance and transmittance and the directional cosines of the transmitted and reflected rays.
Tracing backwards, the reflected ray becomes the incident ray for the next set of computations.
(See Appendix A for derivation of equations used in ray tracing on cylindrical surfaces and
Appendix A of reference 5 for ray tracing on planar surfaces and computation of transmittance
and reflectance values.)

The program includes interoal and external obstructing surfaces and the interna.l blast
barrier of the YAH-64 between the pilot and copilot, as well as the transparent surfaces of the
canopy in the computation. The obstructing surfaces are those that either obstruct the pilot's
vision or block incident rays from external sources. The internal surfaces are (1) the pilot's seat,
display panel and side armor, (2) the copilot's seat, gunner-sight and side armor, and (3) the sides
and floor of the cockpit. The external surfaces are (1) aircraft nose section, (2) gun pods and
wheel wells, (3) wing stubs, (4) rocket pods, (5) engine intakes, and (6) retary housing These
surfaces are specified as planar segments in the same manner as are the canopy surfaces. The
intersection computations are performed first for all obstructing surfaces iad computation of a
reflection point for a ray on an obstructing surface renders the computation complete since the
backwards traced ray is considered absorbed.

The transparent blast barrier which separates the copilot and pilot, is treated first as a
reflecting surface and then as a transmitting surface for reflection points on surfaces beyond it.

This computation process is repeated for pilot-viewing directions indexed at equal
increments over a quarter sector. The sector is bounded by vision directly to the front, to the
side, top and bottom. In this way, a table is constructed which lists at discrete intervals all
possible internal reflection points and the corresponding external light directions. This approach
generates a large amount of data and a computer-graphics routine is included for output. The
primary reflection points and the corresponding incident ray entry points are shown on side, top
and front views of the canopy and on perspective drawings of the cockpit as seen from the pilot's
position. Similar comments apply to computations for the cop lot's position. (See Appendix B of
reference 5 for a disc.ussion of perspective drawings.)

4
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DISCUSSION

The results of this application are sho%ý'n in Figures 1 through 19. These figures are hard
copies of the computer graphics output. Figure 1 showz side, top and front viev . of the canopy
frame, blast barrier and obstructing surfaces. The pilot's nominal eye posidon i shown in each
view. The blast barrier and obstructing surfaces are sketched in with broken lin-. The aircraft
fuselage and tail assembly are not included in this sketch.

Figure 2 shows side, top and front views of the canopy frame and blast barrier, skethed
with broken lines, separated from the obstructing surfaces. Figure 3 is a perspective drawing of
the cockpit as seen from the pilot's position. The pilot's nominal viewing direction is shown by
the small cross near the top center of the upper front canopy surface. The drawing covers a
60-degree field of view and shows that the lower portions of the front and forward side canopy
surfaces are blocked from view by the pilot's instrument panel.

The frame edges for the canopy sides are drawn as straight lines connecting adjacent corner
vertices. This is done for convenience in the computer graphics routines. The computations
assume that the frame edges for the cylindrical surfaces are curvilinear lines (see Method, page 3).

Figures 4 through 13 show 't:-" for the entry positions of external rays generating
primary reflections on the right-hand side of the canopy for the pilot's position. Alt, .iwn are
the corresponding primary reflections spaced at two degrees by two degrees increments. The
number shown at each reflection point is equal to the negative value of toe logarithm (base 10) of
the light reflectance. The numbers are truncated to their integer values by dropping the
fractional parts. The numerical "zero" corresponds to those reflecta'tm,, which are greater than
0.1 in value. The numerical "one" corresponds to those values equal to or le,s than 0.1 but
greater than 0.01.

Figure 4 shows that entry points are possible over much of the lower front panel and the
side surfaces. Figure 5 shows that primary reflection points can occur on (1) the upper rear
corner of the front side panels, (2) the upper edge o' the rear side panels, and (3) the side edges
of the top panel. The front side panel reflections have reflectance values in the 0.1 to 1.0 range,
while those on the rear sides and top are in the 0.01 to 0.1 range.

Figures 6 and 7 are perspective drawings of the cockpit as seen from the pilot's nominal
viewing position and direction. Figure 6 shows entry points on the lower front and front side
surfaces. Figure 7 shows primary reflections on the right-hand side of the canopy. Figure 8 shows
reflection points where the pilot has shifted his viewing direction 20 degrees to the right. (Note
that some reflection points are shown on the canopy frame. This is because the structure outline
is drawn as straight line members between the corner vertices instead of the curvilinear members
used in the computations. See Methods.)

Figures 9 through 13 show reflection points generated on one canopy surface by external
rays entering another surface. Figure 9 shows reflection points on the top surface generated by
entry points on the right rear side surface. Figure 10 shows reflections on the top surface
generated by entry points on the right forward side surface. Figure 11 shows reflections on the
right rear side due to entry points on the left rear side. Figure 12 shows reflections on the right
forward side due to entry point, on the lower front surface. Finally, Figure 13 shows reflections
on the right rear side due to entry points on the left forward side.
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Figures 14 through 19 are similar drawings for the copilot's position. Figure 14 shows "dots"
for the entry points of external rays generating primary reflections seen from the copilot's
position. The figure shows that entry points occur on the forward side surfaces. Figure 15 shows
that the corresponding primary reflections occur on (1) the upper corner of the lower front
surface, (2) the upper edge of the forward side surfaces, and (3) the upper front surface. The
associated reflectance values range in value from 0.01 to 0.1. Figure 16 is a perspective drawing

* •of the cockpit from the copilot's position. The drawing shows reflection points where the copilot
has shifted his viewing direction 45 degrees to the right.

Figures 17 through 19 show pairings between entry points and reflection points by canopy
surfaces. Figure 17 shows reflections on the upper front surface generated by entry points on
the right forward side surface. Figure 18 shows reflections on the lower front surface due to
entry points on the right forward side. Finally, Figure 19 shows reflections on the right forward
side due to entry points on the left forward side.

FURTHER RESEARCH

The following additional analyses are to be conducted for further development:

1. Investigate the reflections generated during realistic nighttime lighting situations and
approach.scenarios.

2. Investigate the solar glint generated as a function of observer-aircraft-sun angles.

3. Investigate the use of optimization techniques to design an optimum configuration
for the transparent surfaces of the canopy to minimize both glint and glare reflections.

F CONCLUSION

A computer program developed by HEL to show internal cockpit reflections of external
point light sources has been applied to the Model YAH-64 Advanced Attack Helicopter (low glare
canopy design). The results show that during nighttime operations, ground-light reflections are
possible on the transparent surfaces of the canopy. Reflections are possible from the top and side
canopy surfaces for the pilot and the front and forward side surfaces for the copilot. The results
are an improvement over the flat plate canopy design since reflections are limited to certain
portions of these surfaces. Where reflections actually occur depend upon the particular lighting
situation and flight scenario.
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APPENDIX A

INTERNAL REFLECTIONS FROM CYLINDRICAL SURFACES

The ray-tracing techniques used in the computation are those of Appendix A, reference 5
*o with appropriate augmentation for computing the intersection of a straight-line ray with a

cylindrical surface. As in reference 5, coordinates are measured in a cartesian coordinate system
(x,y,z) with the y-axis along the longitudinal axis of the aircraft, the z-axis directed into the
canopy top and the x-axis orthogonal to the other two axes.

A straight-line ray is specified by an origin point (xs,yszs) and its directional cosines
(as,bscs). We wish to compute the intersection point of this ray with a cylinder and determine if
the intersection point is enclosed by the edges of a surface on the cylinder. A cylinder is specified
by three parameters (1) an origin point, Po (Xoyo,zo) on the cylindrical axis, (2) directional
cosines (a0,b0,c0) for the axis, and (3) its radius, rc A cylindrical surface, then, is specified by
these cylindrical parameters and a consecutive sequence of N adjacent corner vertices (Pj
(xj,yj,zj), j = 1,N) on the cylinder and their coordinates in the rectangular space.

(1) Intersection of a straight-line ray with a cylinder

The intersection point of a line with the surface of a cylinder may be computed given
the origin (xsyszs) and directional cosines (as,bs,cs) of the line, and the origin (xoy 0,Zo) and
directional cosines (ao,bo,co) of the cylinder's axis and the radius, rc, of the cylinder. Note that
the coordinates of the intersection point, Pi (xi,yi,zi) , are given by

Xi = xs + as Rs,

Yi = Ysy + bs Rs, (1)

zi = zs + cs• Rs,

where Rs is the length along the line between its origin and the intersection point.

Consider now another line from the intersection point, Pi orthrogonal to the
cylindrical axis. The dot product of the unit vectors must be equal to zero; i.e.,

ao• (xi-xc) + bo• (yi-yc)+ co• (zi-zc) = 0, (2)

where the point, Pc (xcycZc) is at the intersection of the axis and this line. Note that the
coordinates of this point are given by

27



xc = xo + aoRo,

Yc = Yo + boRo' (3)

zzC = Zo + CORO)

where Ro is the distance along the cylindrical axis between the points Po and PC*

Substituting equations (1) and (3) into equation (2), we obtain a relationship between
the two distances,

Ro = cRs +8, (4)

where

cc = aoas + bobs + cocs, and

8 = ao(Xs-Xo) + bo(ys-yo) + Co(zs-zo).

Note that the parameter a equals the dot product of the unit vectors for the straight-line ray and
the cylindrical axis. The parameter 8 equals the length of the projection of the line P P0 onto the
cylindrical axis.

The line Pic connects a point on the surface of the cylinder and one on the axis. Since
it is orthogonal to the axis, its length equals the radius of the cylinder and

rc2 = (xi -xc) 2 + (y, - yc) 2 + (zi-zc)2  (5)

Substituting equations (1), (3) and (4) into equation (5) produces the quadratic expression

a, Rs2 + 2bRs + c-rc2 = 0, (6)

where a = a1
2 + a2

2 + a3
2,

b =ab 1 + a2 b2 + a3 b3 ,

c =bi2 +b22 +b3,

28
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and a1 , aao- as,

bI= xo- xs+ +ao)

a2 =•bo - bs,

b2 Yo- ys I b0 ,

a3 =aCo - Cs,

b3 = z- z+ co.

Solving equation (6) leads to

R = [ b2 +-. ] (7)

where the sign of the square root is determined by the restriction that Rs be larger or equal to
zero, Rs! 0. Using equation (7) in equation (1) leads to the coordinates of the intersection point

Pi.

• '(2) Determine if the intersection point is enclosed by the edges of a cylindrical surface.

The techniques of section (5), Appendix A, reference 5, can be used to determine if
the intersection point of a ray is within a convex planar figure with straight edges. A
transformation of the surface of the cylinder into a plane will allow the application of these
techniques. We assume that the curvilinear edges are so designed that they transform into straight

~ li nes (see Reference 1.

An appropriate transformation is onie that will change the cartesian coordinates of a
point into coordinates of a cylindrical coordinate system ( A suitable cylindrical systemI could be defined as follows. The ý coordinate is the distance along the cylindrical axis measured
from the origin point, Po0 Positive values would be in the direction of the axial unit vector. The C
coordinate is the distance along the cylindrical surface measured in a plane normal to the
cylindrical axis. The distance is measured from a reference plane containing the cylindrical axis
and a predefined reference vector. Positive values would be counterclockwise displacements as
seen facing the axial unit vector for a right-handed coordinate system. The n coordinate is the
distance above or below the cylindrical surface measured along a normal to the surface. Positive
values are above the surface away from the cylindrical axis.
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We may compute the cylindrical coordinates g ,•y) of a point P from the rectangular
coordinates (x,y,z) by first constructing a line from the point P orthogonal to the cylindrical axis.
The rectangular coordinates (x , of the point Pc at the intersection of the two lines are
given by equation (3) in section (1) above. The dot product of the unit vectors for the two lines
is equal to zero and the distance Ro along the axis between the origin, Po, and the corresponding
intersection point is:

Ro = ao(x-xo) + bo(y-yo) + co(z-zo). (8)

The distance, R, of the line PCP is given by

R = {(x-xc) 2 + (y-yc)2 + (z~zc)21Y (9)

where equation (8) is substituted in equation (3) for the coordinates (XcYCZC). The directional
cosines of the line are given by:

ac = (x-xc)/R,

bc = (y-yc)/R, (10)

cc = (z-zc)/R,

We next construct a reference vector for the cylindrical coordinate system as follows.
Let the vector be normal to -the cylindrical axis and in a vertical direction. The z-coc rdinate of
the point P0 is greater than zero, zo> 0, and we consider the truncated point, P0

1 (x( ,y 0,0), from
which a line is constructed orthogonal to the cylindrical axis. Let the line and axib intercept at
the point Pb (xb,yb,zb). Then the distance along the axis from Po P is Rb = - coZo as given
by equation (8). The coordinates of point Pb are

Xb = xo-aocozo,

Yb = Yo-bocozo,

Zb = (1-Co 2 )zo,

as given by equation (3). Also, the length of the line P is Rfrom equation (9).
Use was made of the fact that the sum of the squares of a set of directional cOSiies is equal to

unity; i.e., a0
2 + bo 2 + Co2 = 1. And finally, the directional cosines of the line Po are given by

equation (10) as

aR = aoco and
ý/~ o -I-n cR = lco2

4~I7~(11)

bR -boco,
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These are the directional cosines of the reference vector contained in the reference plane for the

cylindrical coordinate, z.

We construct a vector with directional cosines (ap,bp,Cp) normal to the reference plane

from the cross product of the axial unit vector and the reference vector; i.e.,

ap = boCR-bRco,

bp = -(aocR- aRco). 
(12)

Cp = aobR-aRbo.

This vector at the cylindrical surface is in the direction of decreasing values of the 4.coordinate.

We let the angle * 0 be the angular displacement of the line PcP from the reference

plane. The line PcP is contructed from the point P and is orthogonal to the cylindrical axis. The

angle P0 is measured in a plane normal to the axis. It is equal to the arccosine of the dot product

of the unit vextors of the line PF and the reference vector; i.e.

'Po = arccosine (aR• ac + bR. bc + cR' cc) (13)

Note that the dot product of the unit vectors for the line PCP and the reference plane normal,

i.e.,

.5, 
(14)

Q=ac. ap+bc*bp+cc 
.Cp

has the same sign as does the angle. That is, if Q j 0, then 'o < 0, and if Q> 0, then Po> 0 .

The cylindrical coordinates of the point P are determined as follows. The c-coordinate

is the distance along the cylindrical surface, measured in a plane normal to the cylindrical axis,

from the reference plane to the line P. The distance is given by

r=0 r 
(is)

where *o is the angular separation of the PcP given by equations (13) and (14). Thee-coordinate

is the distance along the axis from the origin, Po, to the point, Pc, i.e.,

(16)

• where Ro is given by equation (8). Finally, th!_coordinate is the distance of the point P above

or below the cylindrical surface along the line PcP, i.e.,

ln =R-rc 
(17)

where R is given by equation (9).
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We may use the techniques of section (5), Appendix A, reference 5 by first applying
the transformations of equations (15), (16) and (17) to be points of interest. These are (1) the
ray origin, Ps, (2) the intersection point, Pi of the ray with the cylinder, and (3) the corner
vertices of the cylindrical surface, (Pj,j= ,N).

(3) Computing transmitted and reflected rays

The reflected and transmitted ray components and their associated values of
transmittance and reflectance can be computed using the techniques of section (6), Appendix A,
reference 5. The transparent surfaces of the canopy are assumed to have infinitesimal thickness.
All internally refracted rays leave at the same surface point as does the initially transmitted ray,
and this point is the same as that at which the incident ray reaches the surface (see references 2
and 3.)

The angle of incidence, e0 , between the incident ray and the surface normal is
determined by the dot product of the unit vectors; i.e.,

90 = arccosine (as• an + bs• bn + cs• Cn), (18)

where a,bs,cs are the directional cosines of the incident ray, and an,bn,cn are those of the
surface normal.

The normal to the cylindrical surface is measured at the intersection point, Pi, of the
incident ray. The normal is directed into the cockpit volume by convention. It is along the line

Picof section (1), and its directional cosines are given by:

an = (xc-xi)/rc,

bn = (yc-yi)/ rc, (19)

Cn = (zc-zi)/rc.

Note that the coordinates Xc,Yc,Zc of the point Pc are given by equation (3) while those xi,Yi,Zi
of Pi are given by equation (1).
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4 APPENDIX B

COMPUTER PROGRAM

The computer program is programmed for a disk-based batch-operating system in
FORTRAN IV language (see references 4 and 7). The program is as listed in Appendix C,
reference 5, except for a few additions. A short list of additional subroutines follows. The
program is attached.

1. CALC-Controls the computation of the reflection point for an incident ray and stores
the calculations on file, if any. Called by CONTL.

2. INTCY-Computes the intersection point of an incident ray with a cylinder and tests the
point for enclosure within a cylindrical surface. Called by CALC.

3. TRSCY-Transforms rectangular coordinates into cylindrical coordinates. Called by
4'• INTCY.

4. PREC-Draws perspective of cockpit as a function of viewing angles, and shows entry and
primary reflection points. Called alone.

5. DRWCT-Draws distribution of points on all surfaces. Called alone.

DRWCP-Draws side, top and front views of canopy and entry and primary reflection
points. Draws pairing of entry and reflection points by surface. Called alone.

6. DRWCF-Draws sides, top and front views of canopy. Called by DRWCT and DRWCP.

33



/NEhNJCO(I'CAAH
/JGe(MCAAhi)
/CREAIE(,:INKAI4)
/FORT
C M4AINLINE, RAV TRACING FOR PILCT
C 3 DIMENSIONAL FLAT/CYLINDRICAL CANOPY WITH OBSTRUCTICKS

SUeRCLYINE CCNTL
COOMCN/FCRG/LFG
COMiPON/GAREA/IDFIL(6CO0)
COPI'ON/ANG/AKNNoNN
CAIA ANN,8NN/q5.,qO./
CALL GETDEV(LtLNvFINKAH'91O)
CALL GETCEV(LFG,'FORGRA' ,-1)
CALL CAND
CALL CANL(LLN)
CALL CANT
CALL DEVT(LLKCtU)
RETLRN
ENC

/FORT
C,
C.
C CCNTROLS INPLI CF DATh

St~eROLTINE CANC
DIMENSION AK(2)
CATA AN/2IVYS92INO/

qq6 FORI'AT(2X,'CANCPY DATA ON FILE$ (YS OR NO)@)
REACt 1,ICC1)A
IF(A.EQ9Atitll) GO TO 1
CALL READ'.
CALL NORI'L
GOCTOC2

I CONTINUE
CALL READF

2 CCNTINUE
ItRITE(1, CCC

1000 FORMATt2XvfPRIKTOLT CANOPYv DATA$ (VS OR NOM'
READt 191CC1 A

ICCI FORMPAIIIA2)
IF(A*EQ.AhII)) CALL TELTY
hRlTE(lvICC2)

IOC2 FORPIAT(2XvlOISPLAV CANOPY CONFIGURATIONS (VS OR NO)$)
REAC(1,LCC1 PA
IF(A.Eg.ANI2)l GO TO 3
CALL DRhC
hRITE(ILC03)

1003 FORMATt2X90HARC CCPYS (YS OR NOM'
READ(t 1ICC1 )A
IFIAsEQ.AN(2)) GO TO 3
%RITE(1.1C04)

100', FORP4AT(2X,'PRINTER* TLRN Chl)
PALSE
CALL GS31t1)
P ALSE

3 CONTINUE
CALL GHLT
kRITE(ItICC51

10C5 FORPIAT(2X,'CISPLAV PERPEC71V.ES (YS OR NO)$)
REAC(1,1CC1 PA
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V ~IFIA.EQ.AK(2'p) GO TC 4
CALL PERPMC
bRITE(191CC3)
READ4191 CC1A
IIFA.EQ.Ah(2))GCTC 4o
CALL GS31(l)
P AL SE

~ -~4 CONTINUE

CALL GI4L7
A RETLRN

ENC
/FORT
C
C,
C CONTROLS CALCLLA71ON CF REFLECTION POINTS

SUORCUTINE CANL(LLN)
COD'NCN/CAN/N7 qONCNP9NA qKO NV (1001 PXV 11.OO,8) 9FYV( 100981,PZVt100

Q981
CIMENSICN ANM?
CA7A AN/2I-VSv2HNO/
CAIA AII,A12/2.,2.I
CALL SEEK(LLhC)
REAMLMN)NV)'
bRITEI 1,555)

999 FORPA7(2XvlCCMPLTE PRIP'ARV REFLECTION POINTS1 (YS OR NOM'
READ1191,CC1A

1001 FCRF'AT(1A2)
IF(AoEQ*AN(2)) GO TC 300

* ~NVLL*C
CALL SEFK(LLN,N'V%)
thRITEILLN)N~VLL

C INDEX PILCT VIEbING DIRECTION
C At ELEVATION, ANGLE PROP Z AXIS TOWARD X AXIS IN X Z PLANE
C A2 AZIMUTH, ANGLE FROP X Z PLANE lOhARC Y AXIS,
C Z AXIS TCWARD LPhARD, X AXIS T0%ARD LEFT FACING FRONT OF CANOPY ANC Y AXIS
C TOWARD PACK OF CANOPY ALONG LONGIILCINAL AXIS OF AIRCRAFT

AlaC.
10 A2zAI2
11 A2xA2-A12

d IFIA2.GE.-9C.) GO TO 15
AlsAIAl4A
IF(Al.GT.18C.) GO TO 299
%RITE(l99S!)Al

995 FORMATI2X,FlC*4)
GO TO 10

15 CONTINUE
1520
CALL CALC(AltA2,IS,LLN,NVLL)
IF(ISoEQ.NAICALL CALC(AlA2,NA*LUNvNVLL)
Go Tc ll

2S9 CONTINUE
CALL SEEK(LLN*NVW)
kRITE(LLNINVLL

3CC CONTINUE
RETIRN
ENC

/FGRT
C
C
C CONTROLS CUIPLI CF CALCLLATIONS
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SUeRCITINE CANT
CIPENSICN AK(2)
CATA AN/214YS92HKO/
hRITE(191CC61

IC06 FORMAT(2X,'PERPEC7IVE'/2X,*RAV ENTRENCE POINTS'/2X,'RIGH1 HAND SIB
CE CCCKPIT (YS CR KOM'
REAC(1,1CC1 [A

10lCI FORMAT(1A2)
IF(A*EQ*AN12)) GO TC 40
CALL PERM~)
WRIrE(191CC3)

1CC3 FORMAT(2XOHARC CCPV+ (YS OR NO)')
REAO(191CCI)A
IFIA.EQ.AN(2))GCTC 4.0
CALL GS31(1)

4 PALSE
'.C CONTINUE

CALL GHLI
hRITE(191CC7)

ICO7 FORMAT(2X,'PERPECTIVE'/2X,'PRIPARY PEFLECTIONS11)
READ I It1CC1I)A
IF(A.EQ.AN(2)) GO TO 41
CALL PERP(2)
%RITE(loICC3)
READ(ItICC1)A
IF(A*EQ.AN(2))GOTC 41
CALL GS31(1)
P ALS E

41 CONTINUE
CALL CHIT
RE7LRN
ENC

/FORT
C
C[ C PRIMARY REFLEC71CN CNLYt SURFACE NK TRANSMITTER ONLY

SUORCITINE CALC(AlA2,NKLLhiKVLL)
COM4MON/CAN/N TNB,NCNPNAh~NON(100)PXV(100,8),PYV(1OO.8),PZV(100

COFMCN/PILOT/XCvYCtZO
COMMON/LINE/ASBSCSXSYS ,ZS.ACBCCC
CATA P1/3*14159/
A1M=A1*PllleC*
A2M=A2*Plii8C,
ASsCOS(A2P')*SIN(AlP)
BS=SIN(A21')
CSsCOS(A2P)*CCS(AIM)
Ral.
XSsxO

IPLN=C
INK=C

le CONTINUE
CO 20 IS1I,KC
IF(IS.EQ.INK)GCTO 2C
ISK=C
IF( IS.LE.KA)CALL INTEC(ISKISXR,YRgZRI
IF( IS.GT.NA)CALL INTCY(ISM,1SlXR,YR,ZR)
IFIISK.GT.C)GQTC 25
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2C CONTINUE
REILRN

25 CONTINUE
lF(IS.LE.NC)RETLRh
CALL COIIP(ANG*R1,TT)
Ta I *R
R*R I*R
IF(IS.EQ.NK'IGCI 40
IPLNzIPUN.).
Ala-AS
BI%-BS
Cla-CS
RXmA S*AC4eS5* BC*C S*CC

-( AR:-AS,2.*R)$*AC
OlR -8S+2 *R X*SC
CRz- CS+,2*Rx4CC
IF (IPUN.EQ.2)GCIO 3C
IF(R.LT..CCCCj)RE7LRN
IppaIs
ASPzAS
W Sass
CSPXCS
XPSAR
YP=VR
ZPxZR
AIPzAI
eIPaBI
CIP-Cl
ARPa AR
ORPSOR
(*. jpzCR
ASm-AR
8 Sm-BR
cS*-CR
KS'KR.
VS a R
ZS*ZR
GC TO L8

3C CONTINUE
IF(1.LT--CCCCL)RE1LRN

hKtTE(LUN)AlhA2,ASPoesPCStlpIpvuxPVPPAIPgelPtCIAPPRCP
QRt,ISKRYRZR ,AI ,8IcI AR~bRCRT

,SRIIEI 3 ,ICCC)A1,AZASPBSPCSPIppPxpyp 
9ZPvhIPteIpCPq9C. R~C

NK*IPP

RETURN
4C CONTINUE

INK=Nt(I GO TO 18
ENC

/FOCRT
C
c
C REAC IN SLRFACE VERTICES

gve)
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CONNON/VE-RTI,'V(20C)bYV(2CC) ,ZV(2OO),IVR(1OO,8)
COI'MON/CYL/t'CYNSCt10),NSF(1O,103,xc(IO),yC(1O),ZC(10),,AE(IO),BE(I

COP94ON/PILCT/XC ,YC ,ZO
READ4291CCC)

1CCO FORIMAT(
HEAC(2vICC1 )N~tN8qNC ,NP~hAi,N

ICCI FOR?4ATI/6(2Xtl3))
REAE3I291CCC)
REA0(2,1CC2J INV(1 ),I-1#NDl

ICC2 FORMAT(1612XPI3))
READ1291CCC)
Co 10 jale

10 CONTINUE
REAC(291CCC)
READ(2vICC3l(XV(I ),Iu1,NT)

lCC3 FORPATfB2X#F7.4))
READ(2,lCCC)
READ(2,1CC3)(YV(Iltl-ItNT)
READt 2,IC CC)
REAC(291CC3)(ZV(I )tI=1,NT)
REAC(2,lCCC)
REAC(291CC2 )NCV
READ(2,ICC2) (NSClI)vI'1,NCY)
CO 20 lxl,NCVt
KPuNSC(I

20 READ(2#ICC2)(NSP(ItK),Ku1,gCP)
READt2,1C04) (XC(I) ,VC (I) ZC II) ,AEtIh)BE(IhtCE(I) ,PCI I), Iu1,NCY

1004 FORMAT(7(2XF7*4))
REAO(291CCC)
REAC1291CC31)'OtYOtZO
REIURN
END

/FORT
C
C
C
C ESTABLISH SURFACE NORPAL FOR EACH PLATE SURFACE
C SURFACE NORMALS DIRECTED 70WARD COCKPIT INTERIOR

SUBROUTINE hCRPL
COVMON/CAN/NThB 9NCtNP 9NAtNdV 1100) 9PXV(1OOS),pYV(10O,8 ,PZV( 100

COiNON/VER7/XV(20C) ,YV(200) ,ZV(2003 ,MVR(100,8)
C0IMMON/NORM/AXh(1COI ,AYN(ICO) ,AZNt1JOI
COI'?4ONICYL/NC'VNSC(1O),NSPIIO,10),XC(IO),YC(1O),ZC(10),AE(10),BE(I

QO)tCEIIC) .RC IIC)
COMMOIN/PILOT/)IC9YCtZO
NVhC
CALL GEYDEV(LLN91FINKAH,91O)
CALL SEEK(LNC)
WR ITEMUNI.~NVh
%RITE(LUNlNI ,NBNCtNPqhAvNC
DO 10 1-ýtNC
NK=NVI I)
%nRITEILUN) NK
CO 5 KmlvNK
KVsNVR( I,K)

PXW( I*K)zXV(KV)
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hR ITE(LUN)P I,PK) PYV (I ,I) PZV(ItKI
5 CONTINUE

Kz2
7 Al=PXVd(199-PXV(It1)
A2SPXV(lK41 )-PXVII ,l)

02xPYV(I9X+)-PYV(I ,1)
e2=PYV(I ,K41-Pzyiv(I,)

C2=PZV( IK41)-PZV(I ,1)
PlxSQRT( AI**2+B1**2+Cl**2)
P2=SQRT( A2**2+82**2+C2**2)
AxIA1*A2+el*02,Cl*C2 )/(Pl*P2)
IF(ABSIA).LT.1.) GO 10 9
K0I41
IF(K.EQ*NK) GO TO 10
GO 70 7

9 ANuACCS(A)
Rzl./IP1*P2*SIN(AN))

4 ~AXN(1I )2(O1*C2-CI*B2)*R
AYN(1I =-(A1*C2-C1*A2)*R
AZNt I)=+(Al*82-A2*B1 )*R

10 CONTINUE
NRITE(LUN)NCY9INSC(I ),I=1tKCY)
CO 20 Iul,NCY
KPxNSC(I )

2C WRITEfLU.NlfNSP(IK),KmlKP)
hRl ITELUN ( XC (I) YC (I) ,ZC(I) ,AE(I) ,BE(I) ,CE( I) ,C(Il, IulthCY)
WRITE(LLN)XCYCgZC
NVhxNEXREC(LLN)
CALL SEEKILLNC)
hR ITEILM.N )Ný
CALL DEVT'ILLNCO)
RETURN
END

/FORT
C
C
C READ FILE FOR CANOPY DATA

SUBROUTINE REACF
COPM0N/CANIN7,NBNCNPNANCNV(1O0),PXV(1OO,8),gFYV(1OO,8),PlV(1OO

COD'NON/NCRM/AXNI1CO) ,AYNf1CO) ,AZN(1OO1
COI4MON/CYL/NCYNSC(1O),NSP(1O,10),XC(10bYC(1ObtZC(L1O)AE(lOtBE(I

COPPION/PILC7/XC*YCtZO

g)CALSEKL)R(IL~c)

REAC(LUN INVb
READ(LLN IN? NBNC ,NPNAND
CO IC IX1,NO
RE AD (LUN IK
NV( I )NK
00 5 KulNK
READ(LUN)PXV(1,K),PYVtI1K)bFZV(IKI

5 CONTINUE
REAOILUN)AXK(I ) AYN. I) AZN (I)

10 CONTINUE
REAO(LUN)NCY, (NSC,(I) ,Im1 ,CYl
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CC 2C 1slNCY
KPzNSC( I)

2CREAC(LUN)(NSP(IvK),Kz1,KP)
REAO(LUN)(XC(I),YC(I) ,ZC(I) ,AEII) ,8E(I),CE(I ),RC(I),!=1,NCY)
REAC(LUNP.X0,rOZO
CALL CEVT(LLNCO)
RE7LRN
ENC

/FORT
C
C
C PRINTOLT OF CANOPY DATA FOR REVIE%

SUBORCTINE 7ELTY
COPMCN/CAIINJNBICNPNANONV(1OO),PXV(1OO,8) ,FYV(10098),PZV(100

Qvel
COMMON/VERI/XV(20C) ,YV(20C) ,ZV(200),NVR(I.OO,8)
COI'tCN/NORP~/AXN(ICO),AYN(ICO) ,AZN(IOO)
COPMN0N/CYL/NCYtNSC(1O),NSP(1O,10),XCt1O),YCf1O),ZC(10),*E(1O),BE(I

QC) PC E 110) RC( IC)
COI'MON/PILC7/XC ,YC ,ZO
%RITEIl,998)

998 FORMAT(ZX99PRINTER, %LRN Ch')
PAL SE
WRITE(3, ICCC)NTNBvNC9KPNAPC

10CCO FORMAI(18(2X,131)
996 FORMAT()

WR ITE (3, 997)
997 FORMATI/2X9,VERTEX POSITICN CATA')

hRITE(399961

INRITE( 3,556)
bRITE(3,lCOI) (ZV(I)9IulNT)
hmRITE(39S96)

boRITE 139996)
CO 10 IalqNC
KNaNV(I)
bRI7E(3v9S5)I ,KN

995 FORMATf12X9SURFACE*#I3,N0. VERTICES*,131
CO 5K-1,KN
hR ITE (3, CICCPXV( IK) ,PYV(IKR ,PZVtIKI

1001. FORMATI2X93(F7*Z292W
5 CONTINUE

hRIIE(3,1C02)AXN(I) ,AVN(I 3 AZN(lI)
10C2 FORMAT(7(2XFlCo4))
IC CONTINUE

URIIE139SS4)
994 FORI"AT(/2XI,'CYLINDRICAL DATAO)

kRITE(3400C3CNCY
hRITE(3t1CCC3NSC(I ),I1,NCY)
CO 2C lzlth~C'F
KPxNSC( I)

20 WRITE(3vICCC)(NSPlIK) ,KzlKP)
hRITE(3,1CC2)(XC(I),YC(!)4ZC(I),AE(IlBOE(I3,CE(I),RC(I),1=1,NCYI
IPRITE(39593)

993 FORP'AMMI2PILCT POSITION~')
URITE (3, 1CC2) XCtYCt40
RETURN
ENC
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/FORT
C
C
C DETERMINES IF RAY STRIKES CONVEX SURFACE

SUORCLTINE IthTEC( ISKIStXIIYRZR)
CCOMPCN/CAN/N1,N8,NCNPNANDNhV(1OO),PXV(10O,8),FYV(1OO,8)tPZV(100

CO#4MON/NGRM/AXN(1CO),AYN(lCO),AZN(1OO)
COPP'ON/LINE/ASBSCSXSYS ,ZS ,AC,3CCC
CKxAXN(IS)*AS.AYN(IS)*BS+AZN( IS)*CS
IF(CK*GE.C.) RETURN

C RAY STRIKES SLRFACE IN OLThARC DIRECTION

IF(XS.EQ.PXV(ISI).AND.YS.EC.PYVIISI).ANC.ZS.EC.PZVIISII)1z14I
Sa(AXN( 15)* (PXV(IS,I)-XS )4AYN(IS )*(PYV( ISI)-YS) 4*zN( IS 3*4PZV( 15,1

C)-ZS))/CK
XRsAS*S*XS
YRuBS*S*YS
ZRSCS*S*ZS
AI=PXV(IS,1)-XS
eBuPYV( IS,1)-YS
Clupzv( IS,1 -ZS
PlzXR-XS
P2=YR-YS
P3*ZR-ZS
INaNV (IS)
CO IC 13jIN
ICa 141
IF(I.EQ.IN) IC-1
A2aPXV([StIC)-XS
azuPYVI ISIC -YS
C2aPZ VIIS, IC )-ZS
QnPl*(BI*C2-82*CI )-P2*(Al*C2-C1*A2),P3*(Al*e2-B1**Z)
IFIQ*GT.G. )RETLRN

C RAY STRIKES SLRFACE ON ENCLOSED SICE OF SURFACE ECGE
Aj=A2
01=02
C1-C2

10 CONTINUE
C RAY STRIKES ENCLCSED SURFACE

ISK:1
AC0AN(IS)
BCxAYN(IS)
CCaAZN( IS)
RET LRN
ENC

/FORT
C
C
C CCMPLTES INTERSECTICN PCINT OF LINE WITH CYLINCEP

SUeRCLTINE INTCY( ISKIStXRVRtZR)
COPP'ON/CAN/NTNB,NC,NPNA,NCNV(100),pKV(100,8),pyv(100,8),PZV(100

o,83
CCMMONILINE/ASBSCS ,lSYS ZS ,AC,B!CCC
COMMON/CYL/NCY,NSC (10) NSF (10,10) ,XC(10) ,YC( 10) ZC( 1O),AE( 1O),OE(I

CC )ICE( lc IRC (1C)
CCPMCN/PILCT/XPo,YPZP

C CETERMINE CYLINDERICAL SURFACE WHICI- CONVEX SURFACE IS A PART OF
CC 2 1=1,NCV
KP=NSC II)
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CO 2 K=1#KP
IF(NSP(ItK~oEQoIS)GC7O 5

2 CONTINUE
RETURN

5 CCNrINUjE
C CETERMINE INTERSECTIOK POINT

YCZYCMII
ZOUZCII)

AOzAE( I)
BCaBE(I)
COxCE4fl
ROS=SQRT((XS-XC,**2,(YS-YO)**2,(zS-zO)**2)
ACCx( XS-XC )/ROS
BCCx(YS-YCJ/ROS
CCC2(IZS-IC)IROS
A=AO*AS*BC*B S.CO*C S
O-RCS*(AO*ACC+Oc*eCO+CO*CCO)
AlzAS-A*AC
A zR S-A*BC
A3=CS-A*CC
B1ZACC*RCS-8*AO
B2aBOC*ROS-e*BC
B3aCOO*RCS-B*CC
AzAI**2+A2**2,A3**2
8=AI*Bl+A2*132+A3*83
Cue 1**2+B2**2+B3**2
ABz-B/A
B~zISQRT(B**2-A*(C-RO**2) ))/A
RSuAB-88
IF(RS*LT.C. )RSsuAB*88
XR aXS*A S*R S
YRaYS+BS*RS
ZRZZS4CS*RS
RsRS*(AO*ASBO*BSCC*CS)4RaS* (AO*AOO.8O*800,CO*CCO)
XluXO*AO*R
V 1aYC*BC*R
ZlaZO*CC*R
ACuI Xl-XR )/RC

4 OBCx(VI-YR )/RC
CCa( Z - Z R /R C

C OETERMINES WHIETHER RA STRIKES ENCLOSEC SURFACE
XSSZXP
V S Sr
Z S SZp
CALL YRSCYrIItXSSV7SSZSS)
XRR=XR
'VRR=YR
ZRR=ZR
CALL TRSC',IIXRRtVRRZRR)
PlaXRR-XSS
P2xYRR-YSS
P3aZRR-lSS
Xl*PXVIISOIl
VaPYVI IStl )
ZI:PZV(Ist1)
CALL TRSCV(IlXl,Ylti1)
A 1X -ES S
ea i-vs S
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C1 zZ -ZS S
INzNV( IS)
CC Ic II1=I0
IC1I.Il
IF( II .EQ. IN) IC=;.
X2=PXV( ISIC)
Y2=PYV(ISIIC)
Z~zPZV(I SIC)

A CALL IRSCV(I,X2,Y2,Z2)
Aa x2-XSS
a? =Y2-YS S
C~zZ2-ZSS
QaPl*a81*C2-Bz*Clu-P2*(A1*C2-Cl*A2).P3*(AIeP2-eleA2)
IF(Q*GT.C. )RETLRt4

C RAY STRIKES SLRFACE ON ENCLOSED SICE OF SURFACE ECGE
A1uAZ

I C CONTINUE
C RAY STRIKES ENCLCSED SLRFACE

ISK-1
RETURN
END

/FORT
C
C
C CONVERTS COCRCINATES IN CLINDRICAL COORCINATES INTO RECTANGULAR SPACE

SUBROLTINE TRSC'Y(IPXRYR,ZR)
COPMPON/CYL/NCY,N'SC(IO),NSF(10,1O),XC(IO),YC(1O),ZC(10),AEII0),flE(I
OC),CE(LQ)OCUiO)
CNaSQRTII I-CE(II)**2)
ANx-AE(I)*CE(II)/Ch
OlNa-BE II )*C E (I )/C h
APaBE41I)*CN-BN*CE (I)
iPa- (AE( I)*CK-AN*CE (I))
CPsAE(I )*BN-AN*BE (I)
ROaAEII)* IXR-XC I) )4BEII)*(IYR-YC(I) I.CEII) (ZR-ZC(I) )
XXsXC(I )*AE( I)*Rcj
YY=YC(I )43E(I )*RO
ZZ&ZC(I ).CE( I)*RO
RaSQRT( (XR-XX()**24 (YR-'VY)**2+ (ZR-ZZ)**Z)
AA4(XR-XX)/R
083u(VR-YY)R
CCulZR-ZZ)/R
AxAN*AA.RN*EBBCN*CC
IF(A.GT. .. )Azl.

ANG=ACOSIA)
QuAP*AABP*eB+CP*CC
IF(C.LT.C. )AKGc-ANG
XR-ANG*RC (I)
YRxRC
ZRzR-RC( I)
REILRN
ENC

/FCRT
C
C
C CCMPLTES INCIDENCE ANGLE, REFLECTANCE, AND TRANSPITTANCE
C NATLRAL LIGHT, ACDITICN OF POLARIZATION COPPONENTS IC*NOREC
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SUORCUTINE CCFPPfAKGvR1,TT)
COPJ4ON/L INE/AS,eS,CS,XS,YS ,ZS,AC,BC,CC

C XN, INCEX OF REFRACTICN, TX, IINTEPNAL TRANSNITTANCE
CA7A XN,TX/1.5,.92/
A*-AS*AC-B$*BC-CS*CC

ANG=ACOS(A)
ANGPz ASIN(SIN(ANG)/XN)
CASCGS(ANG)
SAzSIN(ANG)
S1:SQRTI XN**2-SA**2)

r. T0zI 1.-RCI*CA/CCS(ANGP)
CA zC C SANGP)
SA-SIN(ANGP)
SlzSQRTIXh**2-SA**2)
Rla(I(CA-51)/ICA+Sfl)**2+1(CA*(XN**2)-S1)/ICA*(XIh**2).S1))**21/2.
TluI 1.-RI )*CA/CCS(ANG)
T~x7C*TI*TX/fl.-IRI*TXI**2)
R~xRC+RI*IT

/FORT RELNC

C
C
C CCMPLTES ARCSIN

FUNCTION ASIK(X
Y*X

FE-AXuABSI Y
IFIAX.GE.1.C) GO TO 4,
ACzATAN(Y/SQRT(1.-Y*Y))
ASINsAC
RE ILRN

4 IF(AXGE.1.CCCl) GO TC 10
AS IN-1.5707S
IF(Y.LT.C. )AS[Ka-ASINL RETURN

10 tiRITE(1,11)X
STCPF:11 FCRI4AT(BIIERRCR * 923HARCSIK ARGLPOEINT .GT.1. ,61AKC = El6o8l

/FORTF C
C

FUNCTION ACCS(.U
vzx ARCCCS 2
AX:tAOS(Y) ARCCCS 3
IF(AX*GEol.C)GCTO 4 ARCCCS 4
IFIYoEQ.C.)GCTC 3 ARCCOS !
ACsATANI SQRI C1.C-V*Y) /Y) ARCCCS 6

1 IF(Y.LT.C*JGCTC 2 ARCCOS *I
AC CS =AC
RETURN ARCCOS S

2 ACCS=AC*3.1415926
RETURN ARCCCS1 1

3 ACCSzl.57C7963
REJURN ARCCCS13

4 IF(AXoGE.1.CCOC'L)GOTO 10 ARCCOS14
ACx0. ARCCOSIS
GCTc I ARCCCS1E
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10 hRITE(1,11)X
S TCP ARCCos1B

ii FORIMAT(8HERRCR * ,23HARCCOS ARGLMENT .GT.I. ,6HANC 9E16.81 ACO~
ENC

/ FORT
C
C
C DRAS GRAPHIC PIC7LRE OF CANOPY IN 3 FOLC LAYOUT

SUBROUTINE DRWCN
CO9MMON/GAREA/ICFILI6COO)
COMiMON/CAN/N7,NONCNPNANcNVI100),pxv(100,8),PYVIIOO,8),pzv(100

Q98)
COMMCN/NORM/AXN(1CO1 ,AYN(lCC) ,AZN(l0O1
COMMON/PILC7/)ICYC ,ZO
COP'MON/FACT/SX
SXz2.122
%RITE(1,558)

998 FORMAT(2X,'CCNSOLE NO It TURN ON,)
PAL SE
CALL GIN(6CCC)
IXma(Yc-s.! )*s~X* i ce
IYu(ZO-111.52)*SX+tlCO.
CALL GBEG(1IvXIY)
CALL EMARI(
lY.IXO+104.J*SX+433.',A
CALL GCPY(2,19IXIYI

i IXmfZC-111.52)*SX+69O.42
CALL GBEG(3,IXIY)
CALL ETIC
NE-3
00 10 1-1,IW

C ENTITY IS CANOPY SURFACE--FENCE OR TRANSPARANT
QSm-AXN(I)
QFs-AYN I I
QTn4AZNI I)
IXulPYVI I,1)-5*5)*SN+ICO.
IF(IIILE.NC.ANO.QS.LT.O.)oOR.(I.GT.NC.ANC.CS.GT.O.)300TO 2

C SURFACE FACES VIEWER FROM SIDE VIE%

NEmNE+1
CALL GOEGINEIX,IV)
IF(I.LE.NC)CALL GPUI(3,13C,1,2)
IFIl.EQ*NA)CALL GPUT(3,130,1,2)
CALL LINSfI)

2 CONTINUE
lYxfPXVlI ,I1 341.. *SX4433.4',
IFI(I.LE.NC.AN~oQT.LT.O.9.*OR.II.GT.TiC.ANOQT.GT.O.I)GOTO 3

C SURFACE FACES VIENER'FROM TOP VIE%
NE zNE.
CALL GBEG(NE,IX,IV)
IF(I.LE.NC)CALL GPU~t3,13O,1,2)
IF(I.EQ.NAICALL GPUII73,13O,1,2)
CALL LINT411

3 CONTINUE
IF((I'.LE.NC.ANO.QF.LT0O.).OR.(I.GT.NC.ANC.CFeGT.O.3)GOTO 10

C SURFACE FACES VIEbIER FROP FRONT VIE%
IX=(PZV( 1,1)-I111.52)*3X+690.42

A NE-NE*1
CALL GOEG(NEIXIY)
IFfIILE.NC)CALL GPUT(3,130,1#21
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IF(I.EQ.NA)CALL GPUT(3,13C,1,2)
CALL LlNF(I)

IC CONTINUE
CC 20 1siNE
CALL GFCN4I)

20 CONTINUE
CALL GSTART
RETURN
ENC

/FORT
C
C
C MARK EYE POSITICIh IN CANOPY

SUfiROLTINE EPARK
CALL GPUT169509-ICt-5)
CALL GPUT(170OO,10)
CALL GPUT(S,509109-5)
CALL GPUT(9,0,9-7,-10)
CALL GPUT(1C#SCO,20)
RETURN
ENO

/FORT
C
C

SUBROUTINE ETIC
CALL GPUT(697,0,0-51
CALL GPUT4795090,101
CALL GPUT~et709-59-5)
CALL GPUTI5,5OtIO.O1
RETURN
ENC

/FORT
C
C

SUBROUTINE LINSMI
CONN0N/CAN/NltNBIhCNPNA~tCIV(1OO),PXV~lOO,8) ,PYV( 100,6),PZV(10

Q98)
COMNONIFACTISX
CALL GPUT(3913C92tO)
NK=NVII)
CO 10 Kal,NK
KI=K*l
IF(K.E?.INI() K181
IXu(PYVI9IK1 )-PYV(I9KI)*SR
IYUIPZV(IIKI)-PZV(IK) )*Sx
CALL GPUT(K45,539IXvIV)

10 CONTINUE
RETURN
ENO

/FORT
C
C,

SUBROUTINE LINF(I)
COMMON/CANIN~tNBtNCtNPtNANDIV(100),PXV(100,8),PYV(l00,8),PZV(100

CONIM0N/FACT/SX
CALL GPUTI39130,290)
NKxNY(I)
CO 10 K21,NK
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IF(KoEQ*Ng) Klal

lX&(PXV(K,Kl)-PXV(IPK))*Sl

CALL GPUT(K*5,539IXt"Y)
10 CONTINUE

RETURN
END

/FORT
C

SUBROUJTINE LINMt)
COMMON/CAN/NINBNCNPNANhDY (100) ,PXV(100,O) ,PYV(iOO,6 ),PZVIlOO

COMP~ONIFACT/SX
CALL GPUT(3,130,ZO)
NKaNVIII
DO 10 Kul,NK
KISK~i
IF(K*EQ*NK) Kiwi

IVu(PXV(ItK))-PXV(I*K) )*SX
CALL GPUTIK*5953,IXIY)

10 CONTINUE
RETURN
ENC

/FORT
C
C
C DRAWS PERPEC71VE OF CANOPY AKC ENTRY ANC REFLECTION POINTS PILOT EYE
C POSITION

SUBROUTINE PERP(ES)
COMMPON/GAREA/IDFI L (6OO)
CONMON/IPER/N0,NS(5O),PXS(5O,2O),PYS(5O,2O),PZS(5O,2O)
DATA AXvBXvCX/1O.,5%v912o/
CALL TRSDC
CALL GIN(6CCO)
IXEvCX
I YE aCE
CALL GBEG(19IXE91YE)
CALL ETIC
CALL GEON(l)
NE.?
IKS1O
CO 10 1*iND
NK=NS(i)
IF(IK.GT*6) CALL GBEGINEIXE9IYE)
1K M6
00 S KaiNK
KluK~i
IFIK*EQoNK) Kila

C CHECK EDGES FCR HIDDEN LINES
CALL CLIPLfIKvIKtKi)

5 CONTINUE
IF(IK*EQ.E) GO TO 10
CALL GEON(NE)
NEnNE*l

10 CONTINUE
IF(IES.EQ.C) GO TC 21
CALL GOEG(NE41iXE91YE)
CALL GPUT(5,176CCP.FALSEo)
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IF(IES.Eg.2) CALL GPLT(5,17509,OO
CALL POINTIIES)
CALL GECNINE41)

21 CALL GSTART
RETURN
END

/FORT
C
C
C CCNVERTS OBJECT COORDINATES TO DISPLAY COORCINATES ,REMOVES LINES BEHIND
C VIEWER, SURFACES OLTSIDE-VIEWING eOX9 SURFACES NOT FACING VIEWER

SUBROLTINE IRSOC
COMMON/CAh/NTPNBNCNPNAdKCDIV(1OO),PXV(1OO,8),PYV(100,8),PZV(10

COMMON/NORY/AXN(1CO) ,AYN(ICO) ,AZN(10O)
CO('MON/PILCTlXOYCZO
COPMCOI/LIIIEIXlY1 ,ZlX2,Y2,ZZX3,Y3,Z3
COPMION/PER/NO ,NS( 50) ,PXS (50 ,203 ,PYS (50,20) ,PZS( 50,20 3
DIM~ENSION XS(1COO),YS(I00,ebzs(IOOve)
CATA A,8/1O.,5*/
NO-1
NS S=N94
CO 10 I*NSSPDD
IF(I.EQ.NA)GCTC 1C

IF(o.GT.O.)GCTO 10
C SURFACE FACES VIEWER

KNxNVII)
0O 2 K=Ivt(N
CALL PLACIPXV(IK3,PYV(IK) :PZV(1,Kb*XSINDK3,YS(IOK),ZS(NCKI3

C CONVERTED TO VIEER COORDINATES
2 CONTINUE
KOno
IXPSD

IZNuO
DO 5 K.IqKN

IF(K*EQ.KN) Klal
IF(YS(NOK).LT.O..AND.YS(RDK1).LT.O.) GO TO 5
IF(YS(NCK).LT.o..OR.YS(NDKl).LT.O.3 GO TO 3
X1.XS(NDtK)
Y1=YS(NDPX)
ZIUZS(NDK)

GO TO 4
3 CONTINUE
CALL INTEP(XS(NCKbtVS(NnOK' ZS(NDKIXS(NCKl),VS(NCKl),ZSINOKI

C SURFACE EDGE EXTENDING BEHIND VIEWER TRIPMED
4 KD*KD~l

PXS(NOPKD)sXl*A/(Vl1*B)
PYS(NOKD)*-1./Yl
PZS(NOKD )aZ1*A/(V1*B)
CALL TEST(PXS(NOKD),PZS(KD.KD),IxpIXNIZPIZN)

C POSITIVE POINT CR CROSSING LIKE FROP BEHIND
IF(Q.GT.O.) GO TO 5
KCaKD41
PXSIND*KDluX2*A/(Y2*B)
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PYSINOKD)s-l./Y2
PZS(NOKO)sZ2*A/(V2*8)

C LEAC POINT FOR LINE CROSSING FROP IN FRONT
CALL IEST(PXS(NDKohvpzs(NOKO),IXPIXNIzplIZN

C VERTEX CONVERTED TO DISPLAY VIEhBOX COORCINATES,
5 CONTINUE

IF(KO.EQ.C) GC 10 10
C SURFACE NOT BEHIND VIEWER

IFI IXP.GE.KC.ORIXNN.GE.KO.OP. IZP.GE.MO.OR. IZN.GE.KCI GO TO 10
C SURFACE PARTIALLY CR COMPLETELY WITHIN VIEW BOX

NS(ND)xKD
NOuNO41

10 CONTINUE
ND=NO- 1
RETURN
ENC

/FORT
C
C

SUBROUTINE PCINT(ES)

CALL GETDEV(LLN9'FINKAH'910)
CALL SEEKILLNC)
P EA I LUN IN VkC
CALL SEEKILUNiNVWCI
READC4LUN INV%
IK a6
DO 20 I1,1NVh
REAO(LUN)A1VA2VASPBSPCSPIPXPYPZPAIPSIPClPARPU!PPCRP,
QRISXRYRZR gAl ,BI CI ,ARBRCRT
IF(IES*Eg.1) GO TC 30
GO TO 40

20 CONTINUE
CALL,0OEVT(LLNOO)
RETURN

C ENTRENCE POINTS FOR EXTERNAL PAYS
30 CONTINUE

CALL PLACIXPYPZRPXPYPZ)
IF(PY.LE*C.) GO TC 20
XXaPX*AXI (PY*BX)
ZZaPZ*AX/(PV*BXI
IF(ABS4XX).G1.1..CR.ABSIZI).GT.1.) GO TO 20
IXaXX*CX4cX
JV~alZ*CX*cx
%OLL GPUTtIK,43,IX91Y)
IK*IK~l
GO TO 20

C PRIMARY REFLEC71CN POINTS
4C CONTINUE

( CALL PLAC(XPtYPZPPXoPYtPZ)
IF(PY.LE.C*) GC TC 20
XXsPX*AX/(PY*BX)
ZZ=PZ*AXI (PY*BX)
IF(ABSIXX)oGT.1..OR.ABS(ZZ).GT.1.I GO TO 20
ixzxx*CX4cx
IvxZZ*cxfCX
CALL GPUTIIK9100,IX-490)
CALL GPUT(IK*I,1ICtIY-4,O)
IC:-ALOGIC (1)
IC-1C416
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CALL GPUTIIK+299OICO'
IK2IK+3

GC TO 20
ORTENC

C

C DETERMINES VISIBLE PORTION OF ECGE ev REPOVIWG tICCEN LINE
C ALL CONSTRAINT SLRFACES CONVEY

SUBROUTINE CLIPL(IKvI~tK~ig~l)
C01414N/LINE/AVBVCVXVYVU ZVACBCCC

COMMON/ORAM/NSCR~,ROV(10),PFV(10)
CATA CX/512o/
XV=PXSIIV,PKV)
YV-PYS(IlVtxv)
ZVSPZS(IVIK'I)
R~mSQRT((PXS~lVKVI)-XV)**2+(PYS(IVKV1)-YV)I*2s(FLS(IVKV1)-lV)**

Q2)

CVUIPZS(IVKV1)-ZV)/RV
ROB0.
RF-RV
CALL CtiKSf-1.,0.9C**ROoRF)
CALL CHKSt1.,C.,O.,RORF'
CALL CHKS(CoO.,I.,RO*RF)
CALL CHKSIO.,O.,-1*oRORF)
IF(RFeLT*RC) RETURN

C ECGE CHIECKED AGAINST VIENBOX
NSC=1l
ROVID1URO
RFV(1)=RF
CO 10 Iu&,ND
IF(tV.EQ.I) GO TO 10

C FIND APPARANT INTERSECTION POINT OF EDGES
ISCCO
KNsNS(I)
00 5 K=19KN
KI=Ktl
IF(K*EQ*KN) Klul
XEsPXS(1I K)
YE=PYS(I ,K)
ZEsPZS419K)
REmSQRTI(PXtS(IKl)-XEI**24(PYS(IK1)-YEb**24(PZS(IK1)-ZE)**2)
AEuIPXS( ItKl)-XE)/RE
fl~s(PYS( IKl)-YEl/RE
CE=(PlS( 1,1(1)-ZE) IRE
Q=AE*C V-A V*CE
IFIQ.EQ.C.) GO TO 5

C EOGES N0T PARALLEL
RIV=(CE*IXV-)XE)-AE*(ZV-ZE) )/C
IF(AE*EQ.C.) GC TC 2
Rl~zIXV-XE4AV*RIV) /AE
GO TO 3

2 CONTINUE
RlE=(ZV-ZE.CV*RIV)/CE

3 CONTINUE
V IE=YE.BE*R IE[ YIVZYV,8V*RIV
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IFtYIEoGT*YIY)GCTC 5
C CCNSTRAINT EDGE IN FRONT OF TEST EDGE

IF(RIE.GT*O..ANO.RIE.LT*RE) GO TO 7
5 CONTINUE

IF(ISC.LT*2) GO TG 10
IF(fkO*LT*C..ANOeRF.GT*RV) RETLRh

C TEST EDGE NOT 9-ICOEN BEHIND CONSTRAINT SURFACE
IF(RO*GToR~eORoRF*LT.o.) GO TO 10

C TEST EDGE PARTIALLY BLOCKED BY CONSTRAINT SURFACE
CALL CKLIN(RCoRF)
IFtNSC*EQ.O) RETURN
Go To 10

7 CONTINUE
C CONSTRAINT EDGE LOCATED

IsCaISC.1
IFIISC.EQ*1) R1-RIV
IF(ISC.EQ.2) CALL OROLN(R1,PIV9ROqRFl
Go To05

10 CONTINUE
C VISIBLE PORTION CF EDGE REPAINS

CO 20 IslNSC
ROmROVI I)
RFaRFVII)
XSaXV4RO*AVE
ZSUzv4RI2*C'
XFoXV4RF*AV
ZF*ZV*RFvCV
IXS*(XS.I. )*Cx
IZSU(ZS*t. )*Cx
IXFuIXF*19.)*CU
EZFu(ZF.1.)*Cx
CALL GPUH(IK91C&91XS90)
CALL GPUY(IK.1,110,IZSO)
ID~~aIXF-INS
IDzIZF-IZS
CALL. GPU1(IK+2953,IOX*IDZI
IK*IK*3

20 CONTINUE
RETURN
ENC

/FORT
C
C
C CONVERTS OBJECT SPACE COORDINATES INTO E'VE SPACE COOPCINATES
C PILOT EVE DIRECTED IN Y-Z PLANE OF AIRCRAFT COORCINATES AND 5-DECREES
C ABOVE NEGATIVE i-AXIS

SUOROLhINE PLAC(PXVvPVVPZ~tP~qPYPZ)
COpNONds ILcT/XOyoZO
COPNON/ANG /AN ,SN
CAA//3llS

ANI-AN*Pa 1160.
BN1UDN*PllteSOo
PXs(PXV-EC )*SIN (BNIS-OIPYV-YC)*CO$19NII
Pt. (I.EY-RC *CCS(UNL)*SIN (ANI)-;'"YV-VOl*SIN(INI.)*S 1141AN1)-(PZV-lO 5

PZu-(PXV-1O)*CO5CflN1)*COS(AN1)-(PYh-YO5*SII4(31q)*COS(AN154(PZV-ZO)
GOSINIANIR
RETURN
ENC

/FORT
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C
C
C TEST SLAFACE VERTEX FOR POSITION OUTSIDE VIEWBOX

SUBROUTINE TESI(X,ZvIXPIXNIZPIZN)
IF(X*GT.1.) IXP=IXP.1
EF(X*LT*-1 ) IXNaIXN.1
IF(Z*GTol.J IZP*IZP41
IF(Z*LT*-ld)IZNaIZN*1
RETURN
ENO

/FORT
C
C
C CALCULATES IN7ERSECTICN POINT FOR LINE WITH PLANE NORPAL TO Y-AXIS

SUOROUTINE INIEP(IflZIUX2,*2Pl2,61)
COPMON/LIEI~EXSYSZSXFYFPZFtXCYCZC
CATA YQII./
R=SQRT((XI -X2 I**24 (V1-Y2 )**2. (ZI-Z2 I**2)
A=(X2-X1)IR

Cu(Z2-Yl1)/R

IF(fl.EQ.C.) RETURN
C EDGE NCT PARALLEL TO PLANE

VlaYC
RI.(YI-Y1)IB
XluX1.A*R I
ZlsZI*C*RI
IF(B*LT*Col GO TO 3

C LINrE ORIGINATES BEI4INC VIEWER
XSwxI

ZSNlI
XFuX2
YF&Y2
ZF*Z 2
RETURN

3 CONTINUE
C LINE ORIGINATES IN FRCNT OF VIEWER

XS*XI

ZSUE1
XFuXI
YPuYI
ZFuZI
RETURN

/FORTEC

CCHECKS EDGE AGAINST VIEWING BOX SIDE
SUBROUTINE CHKSIANqBNCNl9ROtRF)
COMMON/LINE/AVBVCVXVYVZVACBCCC
XNs-AN
YNa-BN
ZNa-CN
QuAV*AN#BV*BN*CV*CN
[F(Q.Eg.C.) GC TO 5
Rld (XN-XV)*AN4(YN-YV)*BNt(ZN-ZV)*CNI/Q
IF(Q*LE.O.) GO TO 3

C EDGE DIRECTED INTO VIEbBOX FRCP OUTSIDE
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IFIRI.GT.RC) RCxRI
RETURN

3 CONTINUE
C EDGE DIRECTED OLT OF VIEWBOX FROP INSIDE

IF(RI*LI.RF) RF=RI
RETURN

5 CONTINUE
C EDGE PARALLEL TC SIDE

IF(ABS(XV).GI.1..OR.ABSfZV).GT91.) RF-RO-1*

ENO
/FORT
C

* C
C ORDER EDGE INTERSECTION POINTS ACCORDING TO LOW ANC IIGH VALUES

SUBROUTINE ORDLNIRZR2RORF)
RONRI

IF(R1.LToR2) RETURN
ROaR2
RFxRl
RETURN
ENC

/FORT
C
C
C CHECKED PAR71ALLY BLOCKED LINE FOR VISIBLE SEGMETS

SUBROUTINE CKLIN(RIRZ)
CONMON/DRAWINSCRVROV(1O) ,RFVIIO)
DIMENSION RO(1O),RF(lOl
IF(R1.GT*O..ANDoR2*LT.RV) GO TO 20

C VERTEX OF TEST EDGE BEHIND CONSTRAINT SURFACE
IF(R2oGTeRV) GO TO5

CLOW END OF EDGE HIDDEN
RVO-R2
RVF=RV
GO TO 10

C 14IGH END OF EDGE HIDDEN
5 CONTINUE

RVCUOO
RVF-R1

10 CONYTINUE
00 12 I1,1NSC
RO(ITIROV(I)
RFII)uRFVII)
IF(RFV(I)*LE*RVO) RF(I)u-lo
IF(ROVII).LT*RVO) RO(I)wRVO

IF(ROW(II.GT.RVF) RFr(I)uk1.

12 CONTINUE
GO TO 30

C CONSTRAINT SURFACE SEPARATES EDGE INTO TWO VISIBLE EKCS
20 CONTINUE

RVC=Rl
RVF*R2
Kao
CO 22 IxINSC
K=K4I
RO(K )mROV(I)
RF(K )uRFV( I)
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IF(RFVII).GT.RiIO.AND.RFV(I).LT.RVFI PF(K)=RVO
IF(ROV(IhoG7.RVO.AND.RFV(l).LT.RVFI OF(K)i--1.
IF(RFV(I).GI.RVF.ANO.ROV(I).LT.RVO) GO TO 27
IF(RFV( I).G7.R~V.AND.ROV(I).GT.RVO.ADDROV(I).LT.RYF) RO(K)=RVF

22 CONTINUE
4 NSC=SK

GO TO 30
27 CONTINUE

RF(K)=RVO
KXK*1
RO(K IsRVF
RF(K)=RFV(I)
GO TO 22

C ARRANGE REMAINING VISIBLE SEGPENTS
30 CONTINUE

NKaO
0O 32 Iv1,NSC
IF(RF(I).LE.C.) GC 7O 32
NKaNK.1
ROV(NK)zRC(l)
RFV(NK)nRF(t)

32 CONTINUE
NSC=NK
RETURN
ENC

/FORT
C
C

SUBROUTINE PERC(IAIB)
COMMON/ANG/AN ,BN

9 ANaIA
fiNmIf

42 CALL REAOF
CALL PERM()
PAUSE
CALL GS31(1)
PAUSE
CALL PERP(21
P AL SE
CALL GS31(1)
PAUSE
RETURN
END

/FORT
C
C
C DRAWS GRAPHIC PICTIRE OF CANOPY LAYOUT AND ENTRY, PRIPARY REFLECTION POINTS

SUeROUTINE DRNCP(IE91R)
C 0MM ON/F AC TI SX
CALL ORWCFIN~tIXltlY1,IY2#IX3)
CALL GBEG(NE+1,IX91YIY)
CALL GPUlI5,176CtO#*FALSE*)
CALL GBEG(NE+2tIXltIYl)
CALL GPUT(5v1750,CvC)
CALL GREG(KE.391IXIY2)
CALL GPUT(5,176CC,.FALSE.)
CALL GBEGlNE+4#IX9I1Y2)
CALL GPUTIS*1750C,09)
CALL GOEG(NE+591X3,1Y2)
CALL GPU7(5j176CsC,.FALSE.l
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CALL GOEGINE*6,1X3t1Y2)
CALL GPUT1591790,C,0)
IKP86
IKR*6
CALL GETOEV(LUN91FINKAH',2O)
CALL SEEKILLNC)
READ 4LUNINVNC
CALL SEEK iLtN 9NWO)
REAMIUNIM~
D0 20 I1*1N~b
READILUNJAlVA2VASPBSPCSFIPXPYPZPAIP9 EIPCIPARPBRPCRP,
QRISXRYRZRAIBICIARBRCRT
IFIISoEQ.IE.ANDeIP.EQ.IR)GOTO 30

20 CONTINUE
CALL CEVTILUN,0,0)
PAUSE
CALL GS3141)
PAUSE
RETURN

C ENTRENCE POINTS FOR EXTERNAL RAYS AND REFLECTION POIN~TS TO PILOT'S EYE
30 CONTINUE

IC*-ALOGIC(7)
ICNIC+176
CALL GENTINEsi)
IXR=(VR-36. )*5X
IVRwfZR-IC6*4ll*SX
CALL GPUT(IKR,43,IXRIYR)
IXPniYP-.36o)*SX
IYPnELP-lC61',6)*SX
CALL GENT INE*21

C ~CALL GPUiTlIKP93OO9IXP-4,O1
CALL GPUT(IKP*I,11OIYP-4@0)
CALL GPUT(IKP+2,9CICO)
CALL GENIINE43)
IYRaIER*121*441*SX
CALL GPUT(IKR943,IXRvIYR)
IYP*IRP4I21.44d*SX
CALL GEWI(NE44)
CALL GPUT(IKPtl100,DP-4tO)
CALL GPUTIIKP+3,11OoIWP-49O)
CALL GPUTIIKP+2,909ICO)
IXRolZR*15.*1 ,*SX
CALL GENT(NE45)
CALL GPUT(INR#43tlXR91YR)
IXPUIZP4IS*911*SX
CALL GENTINE+6)
CALL GPUTIIKPvIO0,IXP-4,O)
CALL GPUTIIKP*,191OIYP-490)
CALL GPUTIIKP*2,90,C,0).O
IKR=IKR*I.
IKP&IKP.3
GO0T020
END

/FORT
C
C
C DRAMS GRAPHIC PICTLRE OF CANOPY LAYOUT AND0 ENTRY OR PRIPARY REFLECTION POINTS
C ON ALL SURFACES

SUBROUTINE DRWCT(IE)
COI0I0N/FACT/SX
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CALL DRWCF(NEtIXI,1YIIY2%IX3)
CALL GBEG(NE+19IX191IY1
CALL GPUT(5,176CC,.FALSE.)
IUt(IE.EQ.2)CALL GPUT(5,,175OOO)
CALL GOEG(IIE+2#IX1,1Y2)
CALL GPUT(59176CC,.FALSE.)
IFIIE.EQ.2)CALL GPLI(5tl750,Ot,0
CALL GOEG(NE+3,1X3,1Y2)
CALL GPU.T(5v1760,Cv*FALSEo)
IF(IE*EQ*2)CALL GPUT(5,175OtOO)
IKPj6

K IKR=6
CALL GETOEVILUNP*,FINKAH',1O)
CALL SEEK(LLN9O1
READ(LUN)%NC
CALL SEEKILLNNVWC)
REAC(LUN IqiVb
0O 20 I=1,NV%
REAO(LUN)AlVA2VASP,8SPCSPIPtXPtYPtZPAIPDIPCIPARPURPCRP,
QRISXRYRZRAltI ,ICI ,AR,8RCRT
IF(IE*EQ*2)GOTO 3C
GO TO 4.0

20 CONTINUE
CALL OEVTILUNOO)
PAL SE
CAP,2 GS31(1)
PfALSE
RETURN

C PRIMARY REFLEC71CN POINTS TO PILOT'S EYE
30 CONTINUE

ICm-ALOG 1. ( )
ICuICI176
CALL GENT(NE.1)
IXPu(YP-36. )*SX
IYPU(ZP-1C6.d4e)*Sx
CALL GPU711IIIPOOIXP-4,O)
CALL GPU71(KP*1,11OtIYP-49O)
CALL GPUT(IKP*299CIC9O)
CALL GENT(NE+2)
IyP*IXP+121.1,4)*SX
CALL GPUTIIKP,100,ZXP-4,O)
CALL GPUT(IKP+IlOvIYP-49O)
CALL GPUTIIKP*2,90,IC9O3
IXPx(zp*15.51)*SXL CALL GENTIN9+3)
CALL GPUT(IKP9100,IXP-4#O)
CALL GPUT(IKP.1ItlOIYP-4,O)
CALL GPUTIIKP+299CICoO)
IKP: IKP.3
GO 10 20

C ENTRENCE POINTS FOR EXTERNAL PA~VS
4C CONTINUE

IXR=(YR-36. )*SX
IYR=IZR-IC6.4e)*SX
CALL GENT(NEiIJ
CALL GPUT(IKR,'.3,IXR9IYR)r IYR=IXR+121*A4)*SX
CALL GENT(NE+21
CALL GPUT(IKR,4391XRIYR)
IXR=(ZR+15*91 )*SX
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CALL GENT(NE.3)
CALL GPUT(IKR,43,IXR,IYR0
IKR=IKRI
GO TO 20

/FORT 
N

C
C
C DRAWS GRAPHIC PICTURE OF CANOPY FRAPE LAYOUT

SUBROLTINE DRCF(NE9IXl1vI1 ,1Y2,1X3)
CONI40NIGAREA/IOFI L(8C00)
COMMON'/CAN/N1,NB,NC,t4P,NAND,FV(100),PXV(1OO,8),PYV(10O,8),PZV(IOO

Q98)
COMMNON/NORP/AXN(LOO) ,AYN(lCO) ,AZN(1OO)
COMMON/PILOT/XO,YC ,ZO
COI4NON/FAC7/SX
SX=4*66
CALL READF
CALL GIN(eCCC)
IXl=(YO-36. )*SX
IYla (ZO-Ic 6 '.48) *5
CALL GOEG(l,1Xl,IYI)
CALL EMARK
1Y2=(x04121.'.Id*SX
CALL GCPY(2,1,1X1,1Y2)
IX3&(ZO.15.91 *SX
CALL GREG(3,1X3,IY2)
CALL ETIC
NEm3
NS-NC.1
00 10 I*NSNO
IF(IoLE*Ne)GCTO 10

C, ENTITY IS CANCPY SURFACE
QSa-AXNE I)
QFu-AYN( I)
QT*,AZNII)
IXaIPYV(I I )-36. 3*SX
IFIQS.GT.C.)GOTO 2

C SURFACE FACES VIEWER FROM SIDE VIEW
IYuIPZV(1I 1)-l06e48)*SX
NE*NE.1
CALL GeEG(NEIXIV)
IFfI*EO.NA)CALL GPUT(3,130,1,2)
CALL LINSfI)

2 CONTINUE
lYa(PXV(1I 1)4121*443*SX
IF(QT*GT.O.)GOYO 3

C SURFACE FACES VIEWER FROM TOP VIE%
NEmNE41
CALL GOEGtNE,IX,IY3
IF(I*EQ.NA)CALL GPUT(3,130#1,2)
CALL LINICI)

43 CONTINUE
IFIQFoGToCo)GOTO 10

C SURFACE FACES VIEWER FROM FRONT VIE%
IXS(PZV( I 1)+15.91)*SX
NE-NE. 1
CALL GBEG(NEINIY)
IF(I*EQoNA)CALL GPUT(3,130,1,2)
CALL LINF(I)
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iC CONTINUE
RETURN
END

C AAH CANOPY DATA
C NLNBER CF VER7ICES, SLRPACES--COSTRAINT9 FLAT, AND CYLINCRICAL

166 16 56 58 59 64
C NC. VERTICES PER SURFACE

4 4 4 4 4 4 4 4 4 4 4 5 5 4 4 4
4 4 4 4 4 4 4 4 4 7 7 7 7 4 4 14 4 4 4 4 4 4 5 4 4 5 7 7 1 7 4
4 4 4 4 4 4 4 4 4 4 8 6 6 6 6 4

C VERTICE ASSIGNED IC EACH SLRFACE
09 90 66 121 125 129 133 135 139 143 145 149 153 157 131 145

1 2 3 4 7 1 5 12 11 21 15 28 22 32 29 33
110 !5 36 111 38 39 38 109 40 41 112 53 47 60 54 61
61 eq 94 S3 ICO 99 98 87 77 81 101 68 71 94 ICO 85

117 114 115 122 126 130 134 136 140 144 146 150 154 158 136 148
2 3 4 5 14 7 4 14 12 20 16 27 23 31 30 34

IC9 36 37 112 39 38 111 111 41 110 110 52 48 59 55 64
62 SO 89 94 95 ICO 99 98 78 82 102 69 72 93 99 8S

114 115 119 123 127 131 130 137 141 140 147 151 166 159 162 163
9 10 11 12 12 5 3 8 9 19 17 26 24 30 31 109

35 43 44 44 46 34 109 37 45 112 42 51 49 I8 56 63
63 66 65 70 71 76 75 74 79 83 103 70 73 92 98 87
C9 66 65 124 128 132 129 138 142 139 148 152 155 160 161 164
8 9 10 11 5 2 2 9 10 18 18 25 25 29 32 liC

42 42 43 37 45 33 34 36 46 45 43 50 50 57 57 62
64 65 70 69 76 75 74 88 80 84 104 65 74 91 97 Of

0 C C 0 0 0 0 0 0 0 C 165 156 0 C C
3 0 0 0 0 0 0 0 0 17 19 24 26 0 0 41

O C C 0 0 0 0 35 0 0 44 49 51 56 50 C
a C C 0 0 0 0 0 0 0 105 66 15 90 96 C
C 0 0 0 0 0 0 0 0 0 C 0 0 0 C C
0 0 0 0 0 0 0 0 0 16 20 23 27 0 0 4C
0 0 C 0 0 0 0 0 0 0 0 48 52 55 59 C
0 a 0 0 0 0 0 0 0 0 106 67 76 89 95 C
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 0 15 21 22 28 a c C
0 0 0 0 0 0 0 0 0 0 0 47 53 54 6C

0 0 C 0 0 0 0 0 0 0 107 0 0 0 0 c
0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 C
0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 I
C 0 c 0 0 0 0 0 0 0 0 0 0 E C C
0 0 C 00 0 0O0 0 0 0 108 0 0 0 0 0

C VERTICE X-POS2.I1NS2.CC 2*00 2.C0 2900 2.00 2400 2e00 -2*00
i-2.0C -2*00 -2*¢0 -2.00 -2.00 -2400 19.06 18.70

14.2! 12.90 11.20 14.76 17.42 -18.00 -17.60 -13.84
-13.3C -13.24 -15.96 -17.96 8.50 -11.50 -12,04 9.0o
19.63 19.63 11.46 11.46 11.46 19.63 19.63 -19.63

-19.63 -11.46 -11.46 -11.46 -19.63 -1.63 19.16 18.84
14.22 13.1C 11.24 14.78 17.50 -17.90 -17.60 -14.00

-13.3C -13.28 -15.96 -17.96 8.56 -11.48 -12.14 9.16
23.08 20.92 18.08 13.72 22.72 23.28 23.20 13.60
13.CC 15.16 16.36 22.84 16.72 -16.72 -14.28 14.26
13.6C -13.60 -9.20 9.20 10.56 -10.56 -11.56 11.56

-23.Ce -20.92 -18.08 -13.72 -22.72 -23.28 -23.20 -13.60
-13.CC -15.16 -16.36 -22.84 19.63 13.26 11.46 -11.46
-13.26 -19.63 -12.CO 12,00 13.26 -11.46 13.26 -11.46
-23.75 -4. 4. 23.75 -4. -23.75 4. 23.75
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24. 36o 36. 24. -369 -24* -24o -36o
26. 104. 104. 26. 26. 104. 67.6 61.

61. 67.6 -104. -26. -26* -104. -104. -26*
-61. -67.6 -67.6 -61. -46. -24. -22. -56.

24. 46. 56. 22. -10. 10. 100 -100
61. 61. -61. -610 -56. 560

C VERTICE Y-POSITICN
57.5C 57.5C 68.37 71.57 58.98 58.98 60.30 57.50
57.5C 68.37 71.57 58.98 58.98 60.30 84.66 82.92
83*46 86.58 98018 98*66 96.24 84.66 82.92 83.46

86,58 98.18 98o66 96o24 87.48 87148 97.56 97.56
98.45 103.49 100.92 110.92 115.61 121.40 121.50 98.45

103.49 100*92 110.92 115.61 121.40 121.50 144.26 142.52
142*.4 146,CC 157.52 158.40 156.32 144.26 142.52 142.54

146.OC 157.52 158.40 156.32 148.00 148.00 156*66 156.66
59.2C 59.2C 7C.14 108.42 110.90 69.78 116.49 113.25

139.6S 156.97 156.97 140.09 58.30 58.30 67o18 67.11-

69.57 69.571 108.01 100.01 112.13 112.13 145*44 145.44

59.20 59.2C 70.14 108.42 110.90 69.78 116.49 113.2.5

139.69 156.97 156.97 140.09 115.52 115.52 114.82 114.82
115.52 115.52 113.01 113.01 103.49 103o49 121.40 121.40
57.5 5.5 5.5 57.5 5.5 57.5 5.5 5175

59.2 65*2 132.61 158.6 65.2 59.2 158.6 132.61

186.61 19,61 226.61 236.61 186.61 191.61 189.61 189.61
180.61 18C61 191.61 186.61 236.61 226.61 191.61 186.61

189.61 189*61 180.61 180.61 214.61 214.61 214.61 214.61

214.61 214.61 214,61 214.61 198.61 198.61 198.61 198.61
198.61 224.61 198.6 224.61 214.61 214.61

C VERTICE Z-POSI1ION
131.81 138.66 146.27 141.77 133.97 133o97 132.83 131.81

138.66 146,27 141.77 133.97 133.97 132.83 128.40 130o34
145.26 148.54 148.08 136.54 127.96 128.40 130.34 145.26

148.o!4 148.08 136.54 127.96 118.61 118.61 156.00 156.00
129.2C 148.CC 157.58 160.51 160o88 139o20 129.20 129.20

148,CC 157.58 160.51 160.88 139.20 129.20 147.56 149.40

164.26 167.64 167.68 156.20 147.54 147.56 149.40 164.26

167.64 167.68 156.20 147.54 137.86 137o86 175.68 175.61

129.05 141.41 154.80 172.40 150.68 130.85 146.36 174.59

179.28 179.24 176.40 150.80 143.52 143o52 154.40 154.40

156.72 156.72 175.15 175.15 177o93 177.93 182.12 182.12

129.05 141.41 154.80 172.40 150.68 130.85 146.36 174.59

179.28 179.24 176.C0 150.8C 152.54 152.54 159.03 159.03

152.!4 152.54 175.79 175.79 148.00 148.00 139.20 139.20

144.2 129.1 129.1 144.2 122.1 127.05 122.1 127.05

124.12 124.12 124.12 124.12 124.12 124.12 124.12 124.12

142.52 140.52 14C.52 142.52 132.12 132.92 132.52 132.52

121152 111,52 140.52 142.52 142.52 140,52 132.92 132.12

132.52 132.52 111.52 111.52 147.92 147.92 178.52 178.52

147.92 147.92 178.52 178.52 181.52 181.52 221.52 221.52

111.52 132.52 111.52 132.52 157.92 157.92
C CYLINDRICAL DATA

3
2 2 1

60 61
62 63
64
-84.74 135.89 130993 .0 .9805 .1968 108.98
84.704 135.89 130.93 .0 .9805 .1968 L08.98
Co 146o86 55037 1. .0 .0 127.63

C PILOT EYE POSITION
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-1.5 142o33 171.2
C CC-PILCT EYE PCSITION

-1.5 83.04 152.14
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